Abstract. The concept of project progress management originated in the United States. After decades of development, significant achievements have been achieved in this research field with more abundant theoretical basis and application practice. At present, the research on project schedule management has mainly experienced three stages both home and abroad: Gantt chart stage, network planning stage, and key chain stage. These three stages correspond to different project schedule management methods, each of which has its own characteristic. This article will briefly analyze common project schedule management methods and highlight the application of key chain technologies in project schedule management.
Introduction
With the rapid development of the global economy, the competition between enterprises and enterprises or countries and countries is becoming more and more intense. The projects run by enterprises or organizations are more complex, which will further test the ability of enterprises or organizations to manage project schedule. A successful project schedule management can fully consider the complex constraints surrounding the project and the relationship between the various processes of the project. Also, it can optimize the allocation of resources, arrange project schedule reasonably, even shorten the construction period to save the cost of the project and gain more profits. On the contrary, undesirable schedule management will bury the hidden danger when the project is not started. In the process of project implementation, without considering the constraints, it will probably lead to a serious lag in project schedule, resulting in huge economic losses or bad social impacts, and even lead to the whole project's stranding.
Brief Introduction to the Common Methods of Project Schedule Management

Gantt Chart
The Gantt chart was invented by an American named Gantt during the first World War. Gantt suggested that the most critical factor in the control of specific work is time, and time should be the basis for any plan. In actual work, Gantt began to try to manage the schedule with lines. This schedule management method greatly reduced the construction time of ships. Gantt, therefore, is also known as the father of planned control.
Gantt chart is simple to use. It can be completed only by coordinate the progress of the project management. The horizontal axis represents time and the vertical axis represents the specific task. The lines in coordinates indicate the total planned time and actual completion situation of each process. It shows the progress of each process intuitively, that's why Gantt chart is convenient for project managers to evaluate.
Although Gantt chart has the characteristics of simple, obvious, and easy to draw, it only reflects the process time, and does not describe the logical relationship between all processes, which is not convenient for quantitative calculation. Therefore, the Gantt chart is only applicable to the progress management of small projects.
Network Planning Technology
Critical Path Method. In 1950s, with the expansion of the scale of the project, the project is getting more and more complex. In order to make effective plans for complex projects, shorten the construction period and reduce the cost, Rand Co and the US DuPont Co jointly proposed and formulated a system management method in 1957, namely, Critical Path Method (CPM). The CPM uses the network to represent the logical relationship between processes and the needed time. Through the forward reasoning, we can know the earliest start time and the earliest finish time, and get the latest start time and the latest finish time of each process by reverse reasoning method. The difference between the latest finish time and the earliest finish time, or the latest start time and the earliest start time of each process is the time difference between the process. If the time difference of a process is zero, the process is on the critical path of the project. The purpose of the critical path method is to identify the critical path and focus on the processes on the critical path, because these processes have a huge impact on the whole project schedule.
Program Evaluation and Review Technique. Besides critical path method, there is another schedule management technology in the same period, namely, Program Evaluation and Review Technique (PERT). This technology and CPM are called network planning technology (network planning technology is constantly developing, it includes a variety of methods, such as graphical review technology, risk assessment technology, etc.). In 1958, the United States Navy planning agency and other consulting companies including Hamilton developed PERT based on the research and development project of the Polaris missile. The PERT technology identifies the time required by the three points estimate on the basis of CPM to identify the critical path. It allows PERT to manage the project with uncertain process time. This network planning method is very suitable for unpredictable, undone new and complex projects.
PERT does three time estimates for each process: Optimistic time: The time it takes to complete a process without any difficulty. Most likely time:
The most frequent process time under normal conditions. If a process has been done many times, the most frequent actual period of time can be the most likely time.
Pessimistic time: The time that a process can be completed in the most disadvantageous situation. In PERT, when each process is estimated at three times, it is assumed that the three estimates follows beta probability distribution. Then, the expected value and variance of each process time can be calculated by three estimated times. The calculation formula is as follows:
Expected value: ‫ݐ‬ = ୭୮୲୧୫୧ୱ୲୧ୡ ୲୧୫ୣାସ * ୫୭ୱ୲ ୪୧୩ୣ୪୷ ୲୧୫ୣା୮ୣୱୱ୧୫୧ୱ୲୧ୡ ୲୧୫ୣ
(1)
CPM/PERT network planning technology has shown excellent management efficiency as soon as it comes out, and up to now, it has also been a common method in project schedule management.
Critical Chain Project Method
In the late twentieth Century, Eli Goldratt, an Israeli physicist, put forward the Theory of Constraints TOC in his works of serial management, and introduced it into the project schedule management. On the basis of the constraint theory, a new method of project schedule management is formed, that is Critical Chain Project Method (CCPM). After the critical chain project method was put forward in 1997, a large number of scholars have been attracted and a hot discussion in the world's big enterprises was raised. In the practical application, the critical chain technology has made brilliant achievements. Critical chain technology makes up for the defects of the traditional schedule management methods, such as Gantt chart, network planning technology, etc. It not only considers the logical relationship between process time and process, but also increases the constraints of resources, and even applies knowledge of psychology and organizational behavior. Therefore, it has high use value and research significance.
The use of critical chain technology follows the following 5 steps:
(1) Conducting work breakdown structure (WBS). After formulating the project work relationship table, the critical path without consideration of resource constraints is obtained by using the network planning technology.
(2) Analyzing existing project resource constraints. According to the principle that resource which occupied the longest process has high priority over the environment, the parallel process with conflicting resources should be changed to serial process, until there is no resource conflict between all processes. Under the above conditions, the network plan use the longest route as the critical chain.
(3) Traditional project schedule management method adds safety time to every process. The critical chain method innovates to collect the safety time in each process and place it on the critical chain reasonably. According to the different functions, the buffer can be divided into three types: the project buffer (PB), the feeding buffer (FB) and the resource buffer (RB). In the actual project management, the location and size of the buffer zone should be determined according to the specific project situation.
(4) Implementing project with critical chain method. By setting buffer management mode, we can monitor the consumption of the buffer in real time and take corresponding measures according to the consumption situation. Thus, the progress of the project can be ensured until the project is successfully completed.
(5) If the buffer consumes too much, it cannot be compensated through corresponding measures. Based on the feedback, the critical chain is corrected to form a new critical chain plan.
In the five steps above, the confirmation and management of the buffer zone is the two key step, and the method will be briefly described as below.
The Confirmation of the Buffer Zone. It is important to confirm the location and the size of the buffer zone. The buffer zone can be divided into three types: the project buffer, the feeding buffer and the resource buffer. The project buffer is placed at the end of the whole project to ensure the safety of the entire project. The feeding buffer is placed between the critical chain and the non critical chain, in order to reduce the impact of the noncritical chain process on the critical chain processes. The resource buffer is different from the first two buffers. It's not a time buffer but just a flag sign. The resource buffer is usually placed on critical chains to remind the project staff the time they need resources. Generally, it is not considered at the time of calculation.
As for the determination of the size of the buffer, a number of methods have been given by scholars. Dr. Goldratt puts forward the shear-stickup method (50% rule). This method first estimates the duration of the whole project in a traditional way. Then, it extracts 50% of the duration time of each process in the critical chain as the project buffer and 50% in the noncritical chain as the input buffer. Although this method is easy to operate, there is no sufficient theoretical basis. Practically, each project has its own characteristics, cutting and pasting method does not consider the actual situation. It reduces the time limit for a project by a half hastily in the absence of reasonable inference. not enough time in the construction conditions, the project quality is guaranteed. The quality of the whole project is hard to be guaranteed. Therefore, the shear-stickup method is seldom used in the actual project progress management.
Lencent technology company proposed root variance method to improve the shear-stickup method. The root variance method is similar to the shear-stickup method, but it does not conduct a half processing when dealing with cumulative project safety time. It calculates based on the result of root variance. This method considers that the safety time of the process includes the uncertainty of the duration of the project. We should use the half of the process safety time as the standard deviation of the working period and take the 2 times of the link standard deviation as the buffer size of the link. For large projects with many processes, the root variance method is more reasonable in determining the size of the buffer than the shear-stickup method. Also, it accords with the accumulative statistical rule of process execution time under uncertainty, which can relatively accurately calculate the buffer area, so as to avoid excessive or too small estimation of the buffer zone.
Buffer Management. After confirming the buffer zone, it is required to be managed, observed, and adjusted in time. At present, the tricolor monitoring method is a commonly used buffer management method. This method identifies the residual status of the project in the execution process with three colors of green, yellow and red, which makes the observation more intuitive and quick. By observing the color of the project buffer, the project manager can clearly grasp the real time progress information of the project, and then implements macro control to the project. If the buffer zone consumes too much and there is no effective adjustment method, we need to revise the critical chain according to the actual project conditions, and re-plan the progress of the project. 
Comparison and Analysis of Three Common Project Schedule Management Methods
Summary
There are many project schedule management methods, each of which has different characteristics. Gantt chart is simple, obvious, and easy to draw. But it only reflects the process time and does not describe the logical relationship between all processes, so it cannot effectively manage complex projects. The subsequent CPM/PERT network planning technology emphasizes the logical relationship between processes. It determines the critical path through the immediate predecessor and successor relationship, and focuses on key processes in the implementation process. However, in complex projects, multiple parallel processes often use the same resource.
Project managers not only need to consider the logical relationship between the processes and the required time for the process, but also need to consider the constraints of the resources. Both Gantt and network planning technology cannot deal with the various resources constraints in complex projects. The critical chain technology takes the actual situation and resource constraints of the project into account. By identifying the critical chain and determining the buffer zone, it can make scientific progress management for the complex projects with resource constraints and uncertainties. To achieve good results, an enterprise project manager needs to combine the actual situation of specific projects and choose the right way to manage the project.
